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SEVERAL TYPES OF FAIRING DESIGNED TO REDUCE
THE AIR DRAG OF THE MAIN STEP

By Jemes M. Benson and Robert ¥. Havens
SUMMARY

Tank tests were made of a flying-boat model having
various types of feiring with end without ventilation
ducts behind the mein step to investigate the hydrodynamlc
ckharacteristics of tne model. All the types were desligned
to reduce significantly the alr drag chasrgeable to the
meln step. The feirings that were made merely by adding
a filler block behind the main step nad an adverse effect
on the take-off and landing stabillty. Those falrings
thet offered the greater restriction to the flow of alr
into the region under the afterbody had the greater
adverse effect.

The configuration thet comblined the best stabllity
with a good aerodynamic form consisted of a shallow step
(depth, about 1 nercent of tho beem) and an adjoining
ventilation eperture having an area about 7 percent of
the squere of the beam. With this form of step, the
lending stabllity of the model compared favorably with
thet of the conventlonal model.,

INTRODUCTION
Alr Drag of Step

In large long-range flying boats of current design
heving a depth of step 5 or 6 percent of the beam (refer-
ence 1), the alr drag of the step 1s significant, being
of' the order of 2 percent of the total alr drag (parasite
drag plus 1nduced drag at maximum lift-drag ratilo).
Numerous configurations whereby the ailr drag of the con-
ventlonal step could be reduced or eliminated have been
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suggested (references 1 to h) but, for various reesons,
Lhave not been widely used. Some dlscrepancies exist in
rublished results of wind-tunnel tests, but it 1s gener-
glly indiceted thset increasing the depth of step lncreases
the eir drsg by en smount roughly proportional to the
ceoth (references 2, 5, and 6). With the present tendcncy
toward the use cf steps having a denth as large as 10 per-
cent of the bsam to avold instabllity while planing and
wiills landing, the alr drag chargeable to the step may

be a3 large as L percent of the total drag. It therefore
bucones increasingly lmportent to devise practlical methods
c¢cf reducing the slr drag of the stsv,

Function of Main Step

At low speeds the step serves no useful purpose.
The conventlonel step 1s of value mainly at planing speeds,
where 1t is desirseble to confine the wetted erse of the
rlaning bottom of the hull to a reletively small portion
of the forecbody. By restricting the wetted area to the
minimum necesssery to develop hydrodynamic lift, the
frictional resistance 1ls minimized end at the same time
the travel of the cunter of v»ressure accorpenylng a chenge
in trim 1s limited, so that the avelleble serodynenic
contrcl is sufflclent for the »nilot to control the trim
durine teke-off and landing.

Relatlon buetween De»th of Step snd Ventllation

Tenk tests and flight tests have shown that ths allow-
ebls weter resistance 1s excoeded and that hazardous forms
of instability occur during lending and take-off if the
mein steo 1= not sufficlently ventilatsd by providing
gither a deep step or e shellow step with ventllation
ducts of adequete size. The results cited in referonce 7
indicecte thet, 8s the amount of ventiletion 13 incraeasad,
the deceth of step may bs decrsased. One purpose of the
prosent Investlgetion 1s to determlne to whet extent
thls »rinciple mey be followed 1n reduclng the depth of
stop.

Effects of Felrling behind Stsp

Asrodynamic and hydrodynamic tests at the Royal Alr-
craft Establishment (refercnce 2) showed thet a straight
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wedge-type falring behind the mein step 1s very effective
in reducing the alr drag, in-splite of-the angular breuis
introduced, provided the length of falring ls at lsast
four timesz the depth of step. Filgure 1, which 1s taken
from roeference 2, summerlzes the results of the R.A.E.
wind~tunnel tests and shows the effect of verylng the
lenzth of the fairing. A dlsadvantage in the use of
felrings r.as been that the take-off &nd landing charac-
teristlces are adversely affected, as mentioned in refer-
ence %, In reference K a concave falring 1s described
that laaves a very shallow step across the hull and that
ha~ hzen vsed on a lerge flylnz boat (presumably the
Sundcrland III).

The present report includes the results of tank tests
tn deterrine the stabllity characteristice of several
Talrin~s of the type used on the Sunderland IIT and ths
rsgults oc*teined by adding ventllation ducts to reduce
the inestabilities cuused by fairinss. Inusmuch as the
lasvling characleristics of a flying boat provide a rcliabls
vasirc for Judring the adezjuacy of the ventilation of theo
maln step, a lerge part of the proscnt tests consisted in
& stucy of landings mads with the differvnt modificsastions.

13 trim limltes of stability and the froc-to-trim rceist-
ancs of “romlsing modiflcations were thon obtained at
glvede neer the hump and near nmet-avey.

MODZL AND M:THOD OF TLSTIVG

The general arrangemcnt and the dimensions of the
power<d model used 1n the tests esre shown in figurv 2.
Tao model was dynemically eimilar to a twin-cngine flying
boat having a normal grosa welght of 65,000 pounds. A4
descrintion of a powercd model of tx tvypc used in the
Lantlcy tenks 1g given in referencu .,

Tozts worec made with 15 types of step fairing.
Falrinss 1 to ¢ ware formed by the addition of a fillet
(filler »lock) behind the main step, as shown in figure 3.
Falrins l. was somewhat similar to the falring used on tho
Sund.rland ITI. Falrings 10 to 15 incorporated ventli-
latlion through an aperture beohind the main step. In order
to ~rovide ventilation through thisz anerture, the afterbody
wa1d moved aft 1 Inch, ths cildos of the model were sealsd,
and o watertight duct was ¢xtended well above the water
line. As shown in figure l, feirings 10 to 13 supplied
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1lifferent amounts of ventilation through apertures between
L..e step and the filler block. Both configurations shown
in figure 5, fairings il and 15, consisted merely of a very
shellow step (depth, about 1 percent beem) with large ven-
tilstion apertures in the afterbody (aree, 6.8 nercent beam
sy:8rad for feiring 1 and L.l percent beam squared for
fairing 15). In order to form the shallow step, the forward
snd of the afterbody was lowered to the desired position.
In this manner the stornpoat angle (angle between the fore-
body keel extended and a line Jolning the step and the
sternpost at the keel) was not alterad.

The methodof testing dynamlc models in Langley tank
no., 1 1s described in reference 9. In the present tests
of the legnding stebility, the model was flown off the
woter aend wes then lended at vearlous angles of trim.
For most of the tests the flaps of the model were
deflected 4,59, the center of gravity wes at 28 percent
mean aerodynemic chord, and the propellers developed one=
fcurth full thrust. Lanrdlngs were made with the conven-
tional model end with the model equipped with step falrings
at gross load coefficlents Ca, of 0.91 and 1.1l,. 1In

most cases the motions of the model in trim and in rise
were recorded by means of scrlbers that registered on a
uniformly moving tape of waxed paper. The trim of the
model was measured botween the base line (in the case of
thlis model, ths forebody keel) and the surface of the
water., Rlse was defined as the helght of the center of
sravity of the model above or below its position when the
Torsbody keel of the model Jjust touched the surface of
the water at 0° trim.

RESULTS AND DISCUSSION

Results of the landing tests at two gross load coef-
ficlents are summerized 1ln tebles I and II, which give the
trim at contact and the number and type of vertical oscll-
lations that developed during the lending runs. Typical
time histories of the trim and rise of the conventlonal
model are given in figure 6. This figure, together with
tables I and II, shows that the landing stability of the
conventional model was satlisfactory for all test conditions.
Time historles of landings msde at a trim of 6.0° when
the model was equlpped with each of several reprusentative
fairings ere shown in filgures 7 and 8. The results
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showed that each of the falrings, Including those with
ventllation, produced increased porpolsing and sklpping.
As a rule, the falirings that permitted the larger amount
of ventilation had the lesser adverse effects on the
landings. Although complete trim limits of stabllity were
not obtained, 1t sppeared from a spot check that the prin-
clpal effect of the falrings on the trim limlts was to
lower the lower branch of the upper limlit by an amount
roughly correspending to the lncresse 1n the landing
instabllity. -

The stabillty characteristics of the model with a
shallow step end with the larger ventlletlon sperture
(fairing 1, fig. 5(a)) appeared to be almost as satis-
factory as those of the baslec model of conventlional form.
The behavior durlng lending 1s noted in table II end time
historlies of the trim and rise durlng several landings
ere shown In figure 9. Measurements of the free-to-trim
resistance of the model with fairing 1l' indicated that
the reslstance at the hump speed end at a speed about
nine-tenths of get-away was nsarly 10 percent greater than
theat of the conventionel model. A comblnation of this
tyos of step end ventiletion aperture may be found which
would hsve a resistance durlng take-off about aqual to
thet of the conventlional step of normal depth and which
would hava e greastly reduced Increment in alr drag
chergesbls to the step. It 1s antieclnated from obser-
vations made durlng the tests that the efteredge of the
aperture must be about 0.31% inch above the forsbody keel
(fig. 5(a)) in order to remain clear of the weke frcm the
Torebody at high planing swveeds. It 13 also possible that
some Improvement in the characteristics of the shallow
ventllated step may be geined by departures from the
straight transverse arrangement.

SUGGESTIONS FOR FURTHER DEVELOPMENT

At the present time, data are not avallable for
estimating the serodynemic effect of the ventlilatlon
aperture during flight. Wind-tunnel tests are required
to determine whether the ducts should recelve air from
the interlor or the exterior of the hull snd also to deter-
rine whether the ducts should remailn open 1n flight. The
structurel weight of the ventilaetion ducts with posslble
closures has not been estimated, but 1t may be pointed out
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that no part of the duct system 1s subjected to heavy loads.
The stringers in the bottom of the hull could presumably

be maede continuous- scross the shallow step without appre-
ciably restricting the ventilstlon; the weight of the ducts
would be offset by some saving 1In the welght assoclated
with the ebrupt discontinuity introduced in the structure
by the conventional step.

A further possibility that should be Investigated
in the development of the ventlilated step 1s that of
lending with ducts closed. Tests have been made (refer-
ence 10) with a model having zero depth of step and one
angular discontinulty between the forebody and afterbody
planing surfaces shead of the center of gravity (fig. 10).
Lendings entirely free of porpolsing and skipplng could
be made with tals model et trims from about 6° (afterbody
horizontal) to about 12° (full stall). Further testing
is required to determine whether equally stable landlngs
cen be made with an arrangement somewhat llke that shown
in figure 11l. In thils arrangement the step ia farther
aft than is shown in figure 10 and two engular breaks are
nroduced 1n the bottom of the hull when the ventilation
orifices are closed by retractable flaps.

CONCLUDING REMARKS

Teke-off aend landing tests of a powered dynamilc
model of a flylng boat typlcal of current design showed
thet:

l, The addition of a flllar block to form an aero-
dynamic feiring behind the main step produced hazardous
forms of porpolsing and skipplng.

2. Those fairings that offered the greater restric-
tion to the flow of air into the reglon under the aflter-
body had the greater adverse effect upon the stability.

3. Satisfactory stabllity in landing and taske-off
was obtainad with a very shallow step (depth of the order
of 1 percent beam) in combination with ventlletion ducts
having an area of epsertures equal to nearly 7 percent
of the square of the beam. Such an arrangement offers.
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considerable promise as a practlcal method of reducing
the increment in alr drag chargeable to the step to a
small fraction of the increment chargeable to a conven-
tlonal step.

Langley Memorial Aeronautical Laboretory
Natlonal Advisory Committee for Aeronautics
Lengley Fleld, Va.



1.

2.

3

L.

5

6.

7.

8.

9.

10.

NACA ARR No. L5C09b
REFERENCES

Benson, James M., and Lina, ILindsay J.: The Use of
a Retractable Planing Flap Insteed of a Fixed Step
on a Seaplane. NACA ARR No. 3E31, 1943.

Coombes, L. P., &and Clark, K. We: The Alr Drag of
Hulls. Alrecraft Englneering, vol. IX, no. 106,

Dec. 1937, pp. 315-321, 328.

Fletcher, G. L., and Llewelyn-Davies, D. I. T. P.:
Note on Some Tank Tests on the Sunderland III for
Take-0ff at Extreme Overlosd. Rep. No. Aero 1837,
British R.A.E., Nov. 1943.

Smith, ILeonard: Work in an Experlmental Sesgplane
Tenk. Jour. R.A.S., vol. XLVII, no. 393, Sept. 1943,
pp. 290-314.

Hartmen, Edwin P.: The Aerodynamlic Drag of Flylng-
Boat Hull Models as Msasured in the N.A.C.A.
20-Foot Wind Tunnel -~ I. NACA TN No. 525, 1935.

Perkinson, Jchn B., Olson, Roland E., Draley, Eugene C.,
end Luoma, Arvo A.: Aerodynamic and Hydrodynamlc
Tests of a Family of Models of Flylng-Boat Hulls
Derived from a Streamline Body - NACA Model 8
Series. NACA ARR No. 3I15, 1943.

Parkinson, John B.: Notes on the Sklpping of Seaplenes.
NACA RB No. 3I27, 1943.

Perkinson, John B., and Olson, Roland T.: Tank Tests
of a 1/5 Full-Size Dynamically 3imiler Model of the
Army OA-9 Amphiblian wlth Motor-Driven Propellers =
NACA Model 117. NACA ARR, Dec. 1941.

Olson, Roland &., end Land, Norman S.: The Longitu-
dinal Stebllity of Flying Boats as Determined by
Tests of Models in the NACA Tank. I - Methods Used
for the Investigatlon of Longltudinsl-Stability
Charecteristics. NWACA ARR, Nov. 19,2.

Benson, James M., and Freihofner, Anton: Landing
Characteristics of a Model of a Flying Boat with
the Depth of Step Reduced to Zero by Mesns of a
Retrectable Plening Flap. NACA RB No. L4B08, 194lL.



TABLE I

LANDINGS WITH ORO3S LOAD COEPFICIRMT c‘o = 0.91 mD CENTER OF QRAVITY

a large chan

AT 23 PERCENT MEAM AKRODYWAKIC CHORD

(¥, skip; H, beave; UL, upper-limit porpoising.
ge in trim, with atep clsaring we .
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Ry )

aw i3 a
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Doubls line indiostes separstion betwsan stable
md unatrble lmdings.]

alweys in water.

None
Fairing (basic 1 2 3 L 5 6 7 8 9 10 n 12 13
model)
g | | | | | | | | | | | | ] ] L
a-{:xés;’m 45 ks ) s s 5 ks 5 s b5 » 2 s 15
Thrust
S R A R Y N
3.0 Stable b
3.5 b1 stable Stable -
4.0 1 Stsbls Stable L] 18 b1}
k.5 bl 18 18 teble
5.0 u 3%, 10 Stable 1y Stable 2, UL 1 F: 14,18, 0L b Stable T -]
5.5 ' 3% 1 1H,1s,UL o] 30 23,01 2y,28
8.0 b1} Ls 1y 1y, 58 1y ,1s,UL| 28,1s,0L 38 23,48 b3 13,28
6.5 18 - 3 18,1y, UL 1%,0L 13 23,UL 18,UL
7.0 H 18, 0L 18, 18,0L 2 38 1y,0L
1.5 1z 2 1%, 18 o, 1y
8.0 18,UL 18,54 1%, 0L 13, UL 1%, 15 13,28 = 2,28 15,0L
8.5 i 1%, UL 1y 1w, UL
9.0 3%, 0L iy
9.5 1%,0L F:] 33,20
10.0 Stable 4u 18, 0L 1%, UL
10.5 F: 5H 1s,UL F- |
11.0 1y oL 321
11.5 13,20
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TABLE II
LAYDINGS WITH GROSS LOAD COEFFICIENT Gy = 1.1, AND WITH ONE-FOURTH
FULL THRUST AND FLAPS AT L5°

[s, skip; H, heave; UL, upper-limit porpoising. Skipping involves
a lsrge change in trim, with step clearing water. A geave is a
repld decrease in draft with little chenge in trim and with step
always in water. Double line indicates separation between stable
end unstable landings.]

*ON HYV VOVN

Fairing v (basilgolr;gdel) 1 5 6 7 8 9 12 13 1 15 =
Q
richs — B T T I e e G
?éi;cent R
f+A.C.) 22 28 35 28 28 28 28 28 28 28 28 28 28
Trim .
(deg)
3.0 1H 1H 1H
3.5 Stable | Stable Steble : 1H
L0 | stable | stable ' 1® 18 Stable
k.5 ’ Stable | Stable 1H - ‘ 2H
5.0 14 H 2H 1H 2H,1%,UL 1H 2s 18,UL | 1s,UL
5.5 1B 1H,2s 3H 1H 2H 13, UL UL
6.0 1H H 1H 2%,3H 25 1s, UL 15, UL P 2%,UL 2g,UL
6.5 23, 2H 2%,UL 2%,UL 1H 18 23%,UL 1%,UL || 25,UL
7.0 2 1H 25,41 18, UL Ls,ur | 2s,UL UL
7.5 2H 2H 2%, UL ks, L, 1g,UL 1%, UL
8.0 1H 1s,48 15, 3H hs,ur | 28,00 UL
8.5 38, UL 13,UL
9.0 1H 1s,UL { 1s,UL
9.5 13, 5H 15,UL © UL
10.0 2H 1s.1F | 23,38 1%, UL UL 33, UL 13,0L
10.5 13, UL
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Faired from half depth
of step
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Figure l.- Drag saved by fairing the main step; air drag of hull with

unfaired steps taken at 100 percent. (Fig. 17 of reference 2.)
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used in tests of step fairings and ventilation.
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Normal step

Typical step fairing
without ventilation
fairing

A
L)

—T—

5.49, angle
of afterbody

h

keel

Section through keel
of model with typical step

deg?;z;?gon , Dlmsnsm:s, :Ln. . Descriptionl

1 4.0 {1.1 (o] -— Straight, 4:1 fillet without break at forebody
2 3,85 1.1] .1510 ——— Straight, 4:1 fillet with break at forebody
3 4.0 }1.110 .12]12.0 Curved, 4:1 fillet withoul break at forebody
4 3.65( 1.1 .1 | .12[1,82 Curved, 4:1 fillet with break at forebody; maximum camber at midpoint
5 4,0 [ 1.1] .1 | .12¢1.0 Curved, 4:1 fillet with break at forebody; maximum camber forward
6 4.0 11.11 .1 § .2Hl2.0 Curved, 4:1 fillet with break at forebody: maximum camber increased
7 1.4 | 1.1 .15)0 ———— Straight, 3:2 fillet with break at forebody
g 6.6 | 1.1] .1 | .B5]|3.3 Curved, 6:1 fillet with break at forebody
9 6.0 11.5] .1 | .25|3.0 Curved, 4:1 fillet with break at forebody; afterbody raised

1 A

Fairing ratio =

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS

Figure 3.- Dimensions and descriptions of step fairings 1 to 9.
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Figure 8.~ Time histories of landings of model equipped with ventilated
step fairings. Trim at contact, approximately 6.0° for all landings;
CAO, 1.14; center of gravity, 28 percent mean aerodynamic chord.
Dashed line indicates time of contact.
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(¢) Trim at contact, 6.0°,

Figure 9.- Time histories of landings of model with ventilated step fairing 14 (shallow
with large vents). G, , 1.14; center of gravity, 28 percent mean aerodynemic chord.

Dashed line indicates time of contact.
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Flgure 10.~- Model used for tests of reference 10.
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Figure 1l.- Model equipped with shallow, ventilated step.
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